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BI-LEAFLET MITRAL VALVE DESIGN

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims the benefit of the
filing date of U.S. Provisional Patent Application No. 62/060,
613 filed Oct. 7, 2014, the disclosure of which is hereby
incorporated herein by reference.

BACKGROUND OF THE DISCLOSURE

[0002] The present disclosure relates to prosthetic heart
valves and, in particular, collapsible prosthetic mitral valves.
[0003] Prosthetic heart valves that are collapsible to a rela-
tively small circumferential size can be delivered into a
patient less invasively than valves that are not collapsible. For
example, a collapsible valve may be delivered into a patient
via a tube-like delivery apparatus such as a catheter, a trocar,
a laparoscopic instrument, or the like. This collapsibility can
avoid the need for a more invasive procedure such as full
open-chest, open-heart surgery.

[0004] Collapsible prosthetic heart valves typically take the
form of a valve structure mounted on a stent. There are two
types of stents on which the valve structures are ordinarily
mounted: a self-expanding stent and a balloon-expandable
stent. To place such valves into a delivery apparatus and
ultimately into a patient, the valve must first be collapsed or
crimped to reduce its circumferential size.

[0005] When a collapsed prosthetic valve has reached the
desired implant site in the patient (e.g., at or near the annulus
of the patient’s heart valve that is to be replaced by the
prosthetic valve), the prosthetic valve can be deployed or
released from the delivery apparatus and re-expanded to full
operating size. For balloon-expandable valves, this generally
involves releasing the entire valve, assuring its proper loca-
tion, and then expanding a balloon positioned within the valve
stent. For self-expanding valves, on the other hand, the stent
automatically expands as the sheath covering the valve is
withdrawn.

[0006] Prosthetic valves, particularly those for replacement
of'a native aortic valve, often contain three coapting leaflets as
part of a valve assembly having a substantially circular or
cylindrical shape, the valve assembly being supported by a
substantially cylindrical stent. Although this type of pros-
thetic valve can be used to replace a native mitral valve,
problems may arise from such implantation. For example,
upon implantation into the native mitral valve annulus, a
prosthetic heart valve with a cylindrical stent and cylindrical
valve assembly having three leaflets may deform substan-
tially to fit the elliptical geometry of the native mitral valve
annulus. This deformation may prevent the three leaflets from
properly coapting with one another to form a seal, which in
turn may result in a greater degree of regurgitation (i.e.,
retrograde blood flow through the prosthetic valve). For this
and other reasons, it would be desirable to have a prosthetic
mitral valve better suited to the architecture of the native
mitral valve.

BRIEF SUMMARY

[0007] In one embodiment, a prosthetic mitral valve
includes a collapsible and expandable stent, and first and
second commissure attachment features disposed on the
stent. A collapsible and expandable valve assembly may also
be disposed within the stent. The valve assembly may include
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two leaflets, each leaflet having a first edge operably coupled
to the stent and a second free edge. Each leaflet may further
include a first tab connecting a first end of the first edge to a
first end of the second free edge, and a second tab connecting
a second end of the first edge to a second end of the second
free edge. Each leaflet may also include a height measured
from a midpoint of the first edge to a midpoint of the second
edge and a width measured from a junction of the first edge
with the first tab to a junction of the first edge with the second
tab. The ratio of the height to the width may be between about
0.4 and about 0.65.

[0008] In another embodiment, a prosthetic mitral valve
includes a collapsible and expandable stent and first and
second commissure attachment features disposed on the
stent. A collapsible and expandable valve assembly may also
be disposed within the stent. The valve assembly may include
two leaflets, a first portion of each leaflet coupled to the first
commissure attachment feature and a second portion of each
leaflet coupled to the second commissure attachment feature.
The stent in an expanded condition may be substantially
elliptical in transverse cross-section and have a minor axis
with a length and a major axis with a length. The ratio of the
length of the minor axis to the length of the major axis may be
between about 0.7 and about 0.99.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a schematic cut-away view of a heart.
[0010] FIG. 2 is a schematic view of a native mitral valve.
[0011] FIG. 3A is side view of a prosthetic mitral valve in

an expanded condition according to an aspect of the disclo-
sure.

[0012] FIG.3Bisaperspective view of the prosthetic mitral
valve of FIG. 3A.

[0013] FIG. 4 is a longitudinal cross-section of the pros-
thetic mitral valve of FIG. 3A.

[0014] FIG. 5 is an end view of the stent of the prosthetic
mitral valve of FIG. 3A in the expanded condition.

[0015] FIG. 6 is an end view of an alternate stent of a
prosthetic mitral valve in the expanded condition.

[0016] FIG. 7 is a plan view of a leaflet of the prosthetic
mitral valve of FIG. 3A.

DETAILED DESCRIPTION

[0017] Blood flows through the mitral valve from the left
atrium to the left ventricle. As used herein, the term “inflow,”
when used in connection with a prosthetic mitral valve, refers
to the end of the heart valve closest to the left atrium when the
heart valve is implanted in a patient, whereas the term “out-
flow,” when used in connection with a prosthetic mitral valve,
refers to the end of the heart valve closest to the left ventricle
when the heart valve is implanted in a patient. As used herein,
the terms “substantially,” “generally,” “approximately,” and
“about” are intended to mean that slight deviations from
absolute are included within the scope of the term so modi-
fied. When ranges of values are described herein, those ranges
are intended to include sub-ranges. For example, a recited
range of 1 to 10 includes 2, 5, 7, and other single values, as
well as ranges of 2 t0 6, 3 t0 9, 4 to 5, and others.

[0018] FIG. 1 is a schematic representation of a human
heart 100. The human heart includes two atria and two ven-
tricles: a right atrium 112 and a left atrium 122, and a right
ventricle 114 and a left ventricle 124. As illustrated in FIG. 1,
the heart 100 further includes an aorta 110, and an aortic arch
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120. Disposed between the left atrium 122 and the left ven-
tricle 124 is the mitral valve 130. The mitral valve 130, also
known as the bicuspid valve or left atrioventricular valve, is a
dual-flap valve that opens as a result of increased pressure
from the left atrium 122 as it fills with blood. As atrial pres-
sure increases above that of the left ventricle 124, the mitral
valve 130 opens and blood passes toward the left ventricle.
Similarly, disposed between aorta 110 and left ventricle 124
is the aortic valve 140. The aortic valve is a tricuspid valve
that opens as a result of increased pressure from the left
ventricle 124. Generally, the annulus of the aortic valve 140 is
substantially circular or cylindrical, while the annulus of the
mitral valve 130 is substantially elliptical. Blood flows
through heart 100 in the direction shown by arrows “B”.
[0019] An arrow labeled “TA” indicates a transapical
approach of implanting a prosthetic heart valve, in this case to
replace the mitral valve 130 of a patient. In transapical deliv-
ery, a small incision is made between the ribs and into the
apex of the left ventricle 124 to deliver the prosthetic heart
valve to the target site.

[0020] FIG. 2 is a more detailed schematic representation
of native mitral valve 130 and its associated structures. As
previously noted, mitral valve 130 includes two flaps or leaf-
lets, a posterior leaflet 136 and an anterior leaflet 138, dis-
posed between left atrium 122 and left ventricle 124. Cord-
like tendons known as chordae tendineae 134 connect the two
leaflets 136, 138 to the medial and lateral papillary muscles
132. During atrial systole, blood flows down the pressure
gradient from the left atrium 122 to the left ventricle 124.
When the left ventricle 124 contracts in ventricular systole,
the increased blood pressure in the chamber pushes the leaf-
lets 136 and 138 of the mitral valve 130 to close, preventing
backflow of blood into the left atrium 122. Since the blood
pressure in the left atrium 122 is much lower than that in the
left ventricle 124, the leaflets attempt to evert to the low
pressure regions. The chordae tendineae 134 prevent the ever-
sion by becoming tense, thus pulling on the leaflets and hold-
ing them in the closed position.

[0021] FIGS. 3A, 3B and 4 are side, perspective, and lon-
gitudinal cross-sectional views of a prosthetic heart valve 300
according to an embodiment of the disclosure. Prosthetic
heart valve 300 is a collapsible prosthetic heart valve
designed to replace the function of the native mitral valve of
apatient (see native mitral valve 130 of FIGS. 1-2). Generally,
prosthetic valve 300 has an inflow end 310 and outflow end
312. When used to replace native mitral valve 130, prosthetic
valve 300 may have a low profile so as not to interfere with
atrial function in the native valve annulus. It should be under-
stood that the orientation of prosthetic valve 300 in FIG. 3A is
substantially opposite than in FIG. 3B.

[0022] Prosthetic heart valve 300 may include stent 350,
which may be formed from biocompatible materials that are
capable of self-expansion, such as shape memory alloys
including Nitinol. Stent 350 may include a plurality of struts
352 that form cells 354 connected to one another in one or
more annular rows around the stent. Cells 354 may all be of
substantially the same size around the perimeter and along the
length of stent 350. Alternatively, the cells 354 near inflow
end 310 may be larger than the cells near outflow end 312.
Stent 350 may be radially expandable to provide aradial force
to assist with positioning and stabilizing prosthetic heart
valve 300 in the native valve annulus.

[0023] It is preferable that stent 350 have a substantially
elliptical shape or generally a “D”-shape. FIG. 5 is an end
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view of stent 350 of prosthetic heart valve 300 in a fully
expanded condition, with the remaining components of pros-
thetic heart valve 300 omitted for clarity. In this example,
stent 350 is substantially elliptical with a major axis X and a
minor axis Y. The ratio of the length of the minor axis Y to the
length of the major axis X may be between about 0.7 and 0.99.
However, other ranges including between about 0.7 and about
0.9, between about 0.7 about 0.8, and between about 0.7 and
about 0.75 may be suitable. Two commissure attachment
features 316 may be positioned at diametrically opposed
sides of the stent 350 along the major axis X. As noted above,
a stent with a substantially cylindrical shape in the expanded
condition may be substantially deformed upon implantation
into native the mitral valve annulus. The substantially ellip-
tical shape of stent 350, particularly when ratios of the length
of'the minor axis Y to the length of'the major axis X are in the
ranges described above, undergoes less deformation when
implanted in the mitral valve annulus. With less deformation
of the shape of implanted stent 350, the valve leaflets,
described in greater detail below, coapt with greater fidelity,
resulting in less regurgitation.

[0024] Alternately, as shown in FIG. 6, a modified stent
350' may be substantially “D”-shaped. In other words, stent
350' may take the form of an ellipse with one of the long sides
substantially flattened, such that major axis X' may be sub-
stantially similar in length to major axis X of stent 350, while
minor axis Y' of stent 350" is shorter in length than minor axis
Y of stent 350. In addition to undergoing less deformation
than a more cylindrical stent, the flat side of stent 350", when
implanted facing aortic valve 140, may exert relatively little
radial force on aortic valve 140 through the heart wall sepa-
rating mitral valve 130 from aortic valve 140, in turn resulting
in little or no disruption of the function of aortic valve 140.
The potential disruption of the function of aortic valve 140 is
described in greater detail below.

[0025] Prosthetic heart valve 300 may also include a valve
assembly 360 including a pair of leaflets 362 (FIGS. 3B, 4)
attached to a cuff 364 (FIGS. 3A, 3B). Valve assembly 360
may be attached to struts 352 of stent 350. In FIG. 3A, cuff
364 is illustrated as being disposed on the lumenal or inner
surface of stent 350. It should be noted that cuff 364 may
alternately be disposed on the ablumenal or outer surface of
stent 350, or on both the lumenal and ablumenal surfaces, for
example by being wrapped around an end of stent 350. Leat-
lets 362 replace the function of native mitral valve leaflets 136
and 138 described above with reference to FIG. 2. That is,
leaflets 362 coapt with one another to function as a one-way
valve. Prosthetic heart valve 300 is illustrated as having a
valve assembly 360 with two leaflets 362. Both cuff 364 and
leaflets 362 may be wholly or partly formed from any suitable
biological material, such as bovine or porcine pericardium, or
from one or more polymers, such as polytetrafluoroethylene
(PTFE), urethanes and the like. Valve assembly 360 may be
secured to stent 350 by suturing to struts 352 or by using
tissue glue, ultrasonic welding or other suitable methods.

[0026] One leaflet 362 of prosthetic valve 300 is illustrated
in a flattened configuration in FIG. 7. Generally, leaflet 362
includes a first edge 374 having a generally arcuate shape and
a second or free edge 376 having a less pronounced arcuate
shape. A first end of first edge 374 may be connected to a first
end of second edge 376 by first tab 370, which may be at least
partially rectangular and provide a surface for attachment to
stent 350, described in greater detail below. Similarly, a sec-
ond end of first edge 374 may be connected to a second end of
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second edge 376 by second tab 372, which may be substan-
tially identical to first tab 370.

[0027] The shape and size of the leaflets 362 also may have
a significant bearing on the effectiveness of prosthetic valve
300. In the illustrated embodiment, leaflet 362 has a first
height H1 measured vertically (with reference to FIG. 7) from
the midpoint or valley of first edge 374 to the midpoint or
valley of second edge 376, and a second height H2 measured
vertically (with reference to FIG. 7) from the midpoint or
valley of first edge 374 to the farthest edge of first tab 370. The
leaflet 362 also has a first width W1 measured substantially
horizontally (with reference to FIG. 7) from the junction of
the first edge 374 with the first tab 370 to the junction of the
first edge 374 with the second tab 372, and a second width W2
measured substantially horizontally (with reference to FIG.
7) from an outer edge of first tab 370 to an outer edge of
second tab 372. It should be understood that tabs 370 and 372
may be folded as illustrated in FIG. 7 in preparation for
attachment to stent 350.

[0028] Inone example, the ratio of height H1 to width W1
of'each leaflet 362 is about 0.46. In other examples, the ratio
otheight H1 to width W1 may be between about 0.4 and about
0.5, although the ratio may be as large as about 0.65. The
above examples may be particularly useful in that the same
ratio of height H1 to width W1 may be used for patients with
differently sized mitral valve annuli, regardless of the abso-
lute size. Thus, a patient having a relatively small mitral valve
annulus and a patient having a relatively large mitral valve
annulus may both be treated with a prosthetic heart valve 300
having leaflets 362 with a height H1 to width W1 ratio of
about 0.46, even if the absolute size of the leaflets differs
significantly. For example, patients may have mitral valve
annuli ranging in size from about 29 mm to about 51 mm. In
one example for a relatively small annulus size of 31 mm,
each leaflet 362 of the prosthetic heart valve 300 may have a
height H1 of about 20 mm, a height H2 of about 25.8 mm, a
width W1 of about 43.5 mm, and a width W2 of about 48.75
mm.

[0029] The first edge 374 of cach leaflet 362 may be
attached to the cuff 364 (and to stent 350 if desired) between
two commissure attachment features 316 of stent 350 by any
suitable attachment means, such as suturing, stapling, adhe-
sives or bonding via laser, ultrasound or heat, as well as by any
other suitable method. For example, the first edge 374 of each
leaflet 362 may be sutured to the cuff 364 and stent 350 by
passing strings or sutures through the cuft 364 of the valve
assembly 360 and around struts 352. The leaflets 362 may be
attached to the stent 350 along at least some struts 352 and
through the eyelets in commissure attachment features 316 to
enhance the structural integrity of the valve assembly 360.
The second or free edge 376 of each leaflet 362 may coapt
with the corresponding free edge of the other leaflet, thereby
enabling the leaflets to function collectively as a one-way
valve. Bi-leaflet valves generally include two commissure
attachment features 316, with only one being visible in FIG.
3A.

[0030] In prosthetic heart valve 300, the first tab 370 of
leaflet 362 is attached to one commissure attachment feature
316, with the second tab 372 being attached to the other
commissure attachment feature 316. A second leaflet sub-
stantially identical to leaflet 362 is similarly attached, so that
one tab of each leaflet is attached to one commissure attach-
ment feature and the other tab of each leaflet is attached to the
other commissure attachment feature. In this configuration,
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the second or free edge 376 of each leaflet 362 is adjacent the
outflow end 312 of stent 350, with the first edge 374 of each
leaflet 362 being closer to the inflow end 310 of stent 350. It
should be noted that the prosthetic heart valve 300 in FIGS.
3A-4 is oriented with outflow end 312 pointing downward,
similar to the orientation of the prosthetic heart valve 300
after implantation into a native mitral valve annulus. On the
other hand, leaflet 362 in FIG. 7 is illustrated in a conventional
manner with a substantially opposite orientation. In use, first
and second tabs 370 and 372 align with the commissure
attachment features 316 of stent 350.

[0031] In order to implant prosthetic heart valve 300 into
the native mitral valve annulus of a patient, the valve 300,
including stent 350 and valve assembly 360, may be crimped
down to a collapsed condition, loaded into a delivery device
(not shown), and covered by a sheath of the delivery device to
maintain the valve in the collapsed condition. The delivery
device is advanced to the native mitral valve annulus, for
example through the vasculature via an opening in the femo-
ral artery (transfemoral delivery), or through an incision in the
apex of left ventricle 124 (transapical delivery). Other deliv-
ery methods, such as transseptal delivery, are also contem-
plated herein. Once the sheath is positioned at the desired
location with respect to the native mitral valve annulus, which
may be confirmed by imaging techniques such as fluoros-
copy, the sheath may be advanced or retracted relative to the
remainder of the delivery device. As the sheath is moved from
around prosthetic heart valve 300, constrictive forces are
removed from the valve, which begins to expand as stent 350
begins to return to its set shape (i.e., the expanded condition).
As noted above, upon implantation, the inflow end 310 of
stent 350 and the first edge 374 of each leaflet 362 are oriented
toward left atrium 122 while the outflow end 312 of stent 350
and the second or free edge 376 of each leaflet 362 are ori-
ented toward left ventricle 124.

[0032] Because of the elliptical shape of the annulus of
native mitral valve 130, it is important that prosthetic heart
valve 300, once released from the delivery device, properly
aligns with the mitral valve annulus. In other words, the major
axis X of stent 350 should align with the major axis of the
native mitral valve annulus, while the minor axis Y of stent
350 should align with the minor axis of the native mitral valve
annulus. Axes of the mitral valve annulus are not identified in
the figures. Proper alignment reduces the deformation of the
prosthetic heart valve 300 by the native anatomy, allowing
leaflets 362 to operate and coapt with one another as intended
with minimal regurgitation through prosthetic valve 300. Fur-
ther, because the mitral valve 130 and aortic valve 140 are
separated by a thin wall, forces exerted on the mitral valve
annulus, particularly those in the direction of aortic valve 140,
may interrupt proper functioning of aortic valve 140. Because
aortic valve 140 controls blood flow to the aorta 110, which is
the main artery in the body, it is important to minimize inter-
ference with the proper function of aortic valve 140. The force
exerted upon the thin wall separating mitral valve 130 and
aortic valve 140 may be even further reduced if “D”-shaped
stent 350" is used to form the prosthetic mitral valve. If using
stent 350", the flattened portion of the “D” shape is preferably
oriented toward the wall separating mitral valve 130 and
aortic valve 140. In the fully expanded condition, the portion
of stent 350" in contact with the wall separating the mitral
valve 130 and aortic valve 140 exerts less radial force on the
wall, and thus on the aortic valve 140, than a stent in which the
portion contacting the wall has a greater degree of curvature.
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[0033] As noted above, it is desirable that prosthetic valve
300, upon implantation, be oriented such that the major axis
X of stent 350 substantially aligns with the major axis of the
mitral valve annulus. In this orientation, the two commissure
attachment features 316 of stent 350, which are positioned
along major axis X, are not in contact with the portion of the
heart wall adjacent aortic valve 140. Commissure attachment
features are formed of a relatively large volume of material
and are relatively stiff points compared to the remainder of the
stent. The use of two commissure attachment features 316
along the major axis X of elliptical stent 350 allows for the
orientation described above, which may help to further mini-
mize the forces exerted by stent 350 on aortic valve 140
through the heart wall after implantation. In addition, the use
of two commissure attachment features 316 allows for less
stent material to protrude into the left ventricle 124 from the
mitral valve annulus. When compared to prosthetic valve 300,
the use of a prosthetic tri-leaflet valve having a stent with
three commissure attachment features would increase the
likelihood of interfering with aortic valve 140, and would
result in a greater amount of stent material protruding into left
ventricle 124, potentially interfering with the native anatomy.
[0034] In addition to the benefits of prosthetic heart valve
300 described above, the use of two leaflets 362 instead of
three or more leaflets may require less total leaflet material,
and therefore may reduce the complexity of the prosthetic
heart valve 300. With only two leaflets 362, there are fewer
opportunities for coaptation problems since only two surfaces
are coapting. However, although a circular or cylindrical bi-
leaflet valve may have the ability to coapt, it has been found
that an elliptical bi-leaflet valve allows less regurgitation than
a circular or cylindrical bi-leaflet valve. For example, testing
indicates that at an average pressure differential of 3.7 mm
Hg, a bi-leaflet valve with a circular cross-section may have
an effective orifice area (“EOA”) of approximately 3.28 cm?,
with approximately 14.5% regurgitation. In contrast, at the
same average pressure differential of 3.7 mm Hg, a bi-leaflet
valve with an elliptical cross-section may have an EOA of
approximately 3.18 cm” but substantially reduced regurgita-
tion of approximately 10.8%.

[0035] According to one embodiment of the disclosure, a
prosthetic mitral valve comprises:

[0036] a collapsible and expandable stent;

[0037] first and second commissure attachment features
disposed on the stent; and

[0038] a collapsible and expandable valve assembly dis-
posed within the stent, the valve assembly including two
leaflets, each leaflet having a first edge operably coupled to
the stent, a second free edge, a first tab connecting a first end
of the first edge to a first end of the second free edge, and a
second tab connecting a second end of the first edge to a
second end of the second free edge, each leaflet having a
height measured from a midpoint of the first edge to a mid-
point of the second edge, and a width measured from a junc-
tion of the first edge with the first tab to a junction of the first
edge with the second tab;

[0039] wherein a ratio of the height to the width is between
about 0.4 and about 0.65; and/or

[0040] the ratio of the height to the width is between about
0.4 and about 0.5; and/or

[0041] the ratio of the height to the width is about 0.46;
and/or
[0042] the height is about 20 mm and the width is about

43.5 mm; and/or
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[0043] the stent in an expanded condition is substantially
elliptical in transverse cross-section; and/or

[0044] the cross-section of the stent in the expanded con-
dition has a minor axis with a length and a major axis with a
length, a ratio of the length of the minor axis to the length of
the major axis being between about 0.7 and about 0.99; and/or
[0045] the first and second commissure attachment features
are positioned at diametrically opposed positions on the stent
substantially along the major axis; and/or

[0046] the stent in an expanded condition is substantially
“D”-shaped.
[0047] In another embodiment of the disclosure, a pros-

thetic mitral valve comprises:

[0048] a collapsible and expandable stent, the stent in an
expanded condition being substantially elliptical in trans-
verse cross-section with a minor axis having a length and a
major axis having a length, a ratio of the length of the minor
axis to the length of the major axis being between about 0.7
and about 0.99;

[0049] first and second commissure attachment features
disposed on the stent; and

[0050] a collapsible and expandable valve assembly dis-
posed within the stent, the valve assembly including two
leaflets, a first portion of each leaflet coupled to the first
commissure attachment feature and a second portion of each
leaflet coupled to the second commissure attachment feature;
and/or

[0051] each leaflet has a first edge operably coupled to the
stent, a second free edge, a first tab connecting a first end of
the first edge to a first end of the second free edge, and a
second tab connecting a second end of the first edge to a
second end of the second free edge, each leaflet having a
height measured from a midpoint of the first edge to a mid-
point of the second edge, and a width measured from a junc-
tion of the first edge with the first tab to a junction of the first
edge with the second tab, a ratio of the height to the width
being between about 0.4 and about 0.65; and/or

[0052] the ratio of the height to the width is between about
0.4 and 0.5; and/or

[0053] the ratio of the height to the width is about 0.46;
and/or
[0054] the height is about 20 mm and the width is about

43.5 mm; and/or
[0055] the first and second commissure attachment features
are positioned at diametrically opposed positions on the stent
substantially along the major axis.
[0056] Although the invention herein has been described
with reference to particular embodiments, it is to be under-
stood that these embodiments are merely illustrative of the
principles and applications of the present invention. It is
therefore to be understood that numerous modifications may
be made to the illustrative embodiments and that other
arrangements may be devised without departing from the
spirit and scope of the present invention as defined by the
appended claims. For example, features of one embodiment
of the invention may be combined with features of one or
more other embodiments of the invention without departing
from the scope of the invention.

1. A prosthetic mitral valve, comprising:

a collapsible and expandable stent;

first and second commissure attachment features disposed

on the stent; and
a collapsible and expandable valve assembly disposed
within the stent, the valve assembly including two leaf-
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lets, each leaflet having a first edge operably coupled to
the stent, a second free edge, a first tab connecting a first
end of the first edge to a first end of the second free edge,
and a second tab connecting a second end of the first
edge to a second end of the second free edge, each leaflet
having a height measured from a midpoint of the first
edge to a midpoint of the second edge, and a width
measured from a junction of the first edge with the first
tab to a junction of the first edge with the second tab;

wherein a ratio of the height to the width is between about
0.4 and about 0.65.

2. The prosthetic mitral valve of claim 1, wherein the ratio
of' the height to the width is between about 0.4 and about 0.5.

3. The prosthetic mitral valve of claim 2, wherein the ratio
of the height to the width is about 0.46.

4. The prosthetic mitral valve of claim 3, wherein the height
is about 20 mm and the width is about 43.5 mm.

5. The prosthetic mitral valve of claim 1, wherein the stent
in an expanded condition is substantially elliptical in trans-
verse cross-section.

6. The prosthetic mitral valve of claim 5, wherein the
cross-section of the stent in the expanded condition has a
minor axis with a length and a major axis with a length, a ratio
of the length of the minor axis to the length of the major axis
being between about 0.7 and about 0.99.

7. The prosthetic mitral valve of claim 6, wherein the first
and second commissure attachment features are positioned at
diametrically opposed positions on the stent substantially
along the major axis.

8. The prosthetic mitral valve of claim 1, wherein the stent
in an expanded condition is substantially “D”*-shaped.

9. A prosthetic mitral valve, comprising:

acollapsible and expandable stent, the stent in an expanded

condition being substantially elliptical in transverse
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cross-section with a minor axis having a length and a
major axis having a length, a ratio of the length of the
minor axis to the length of the major axis being between
about 0.7 and about 0.99;

first and second commissure attachment features disposed

on the stent; and

a collapsible and expandable valve assembly disposed

within the stent, the valve assembly including two leaf-
lets, a first portion of each leaflet coupled to the first
commissure attachment feature and a second portion of
each leaflet coupled to the second commissure attach-
ment feature.

10. The prosthetic mitral valve of claim 9, wherein each
leaflet has a first edge operably coupled to the stent, a second
free edge, a first tab connecting a first end of the first edge to
a first end of the second free edge, and a second tab connect-
ing a second end of the first edge to a second end of the second
free edge, each leaflet having a height measured from a mid-
point of the first edge to a midpoint of the second edge, and a
width measured from a junction of the first edge with the first
tab to a junction of the first edge with the second tab, a ratio of
the height to the width being between about 0.4 and about
0.65.

11. The prosthetic mitral valve of claim 10, wherein the
ratio of the height to the width is between about 0.4 and 0.5.

12. The prosthetic mitral valve of claim 11, wherein the
ratio of the height to the width is about 0.46.

13. The prosthetic mitral valve of claim 12, wherein the
height is about 20 mm and the width is about 43.5 mm.

14. The prosthetic valve of claim 9, wherein the first and
second commissure attachment features are positioned at dia-
metrically opposed positions on the stent substantially along
the major axis.



